
UNCLASSIFIED

426575
AD

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA, VIRGINIA

UNCLASSIFIED



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT

..REPRODUCE LEGIBLY.



NOTICE: 1ken government or other dravings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
goverment procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formOAted, furnished, or in any way
supplied the said drawings, specifications, or other
data in not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that my in any way be related
thereto.



"Mechanism of Inorganic Reactions: Bridge Mechanism

in Electrochemical Oxidation and Reduction of Metal Ions."

University of Kansas

Reynold T. Iwamoto

Grant No. AFOSR 61-8

Final Report

October 1, 1961 - December 31, 1962

Date of Report

November 11, 1963

TISIAU



The following report covers the research supported by this grant over

the one and a half year period from June 1, 1961 to December 31, 1962.

The chief problem in studying ligand effects in redox reactions of metal

ions in agueous system is that "only when certain conditions are fulfilled with

respect to the substitution lability of the redox partners has it been possible

to draw fairly definite conclusions as to the nature of the activated complexes."

In order to obtain information fundamental to understanding better the mechanism

of inorganic oxidation-reduction reactions, in particular of those involving a

bridged activated complex, we have proposed the use of nonaqueous solvents and

of an electrode in place of either the oxidant or reductant to study these re-

actions. Through such an approach, we hope to simplify greatly the design of

experiments.

The attractiveness of utilizing ronaqueous solvents for the proposed electro-

chemical study is that the desired electron mediator can readily be placed in

the coordination sphere of the metal ion by using it, if it is a liquid, as

the solvent or by working in an "inert' nonaqueous solvent if it is a solid.

There was, however, one serious problem; no simple method was available for

comparing the electromotive force series in various solvents. Because the pro-

posed electrochemical study would be of little value unless we were able to

ascertain the magnitude of the liquid-junction potentials included in the potentials

obtained, we undertook a careful examination of the problem of evaluating liquid-

junction potential.* The results of the investigation are described in Anal.

Chem., UI, 1795 (1961) and Anal. Chem., 3, 867 (1963).

At the same time, we began an investigation of various carboxylic acids as

electron mediators in inorganic electrochemical oxidation-reduction reactions.

Unfortunately, this investigation has taken a back seat to an interesting reaction

between copper(II) ion and copper metal in acetic acid that was uncovered in our
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study of the electrochemical behavior of copper ions in acetic acid. W.hen

copper metal is added to an acetic acid solution of copper(II) perchlorate,

the color of the solution changes almost immediately from a pale blue to an

intense violet. Because of the unusual nature of this reaction, we have spent

a considera'ale amount of time studying the reaction and trying to isolate the

purple product. Although we encountered a great deal of difficulty in isolating

the purple species, we were continuously encouraged by the great interest of a

number of notable inorganic chemists, such as Professor Taube and Professor

Kleinberg, in the reaction. We finally succeeded this past year in isolating

the purple product, and are now in the midst of characterizing the material.

A very interesting feature of the purple species is that it contains a copper(I).

;.and a copper.(I) ion.

Knowledge-of the make-up of the coordination sphere around an ion is indeed

°indispensableo in understanding the properties of the ion and the mechanism of the

chemical processes which the ion undergoes in a particular medium. The study

of the polarographic behavior of nickel(II) in acetonitrile in the presence of

• clloride, J Electroanal. Chem., 6, 234 (1963), was our first attempt to obtain

-information on how the make-up of the coordination sphere around an ion influences

the behavior of the ion in solution.

Because even the most careful purification of an organic solvent leaves a

surprisingly appreciable amount of water in the solvent, e.g,, a solvent which

is 99.98% pure, i.e., 0.02% in water, is 0.OlM in water, one of the most important

problems with regard to the interpretation of experimental results on studies

dealing with the nature and behavior of inorganic ions in nonaqueous media is the

effect of residual water. Our continued interest in this problem has resulted

in an examination of the formation constants of aquo-copper(II) complexes in

acetone. The results of this study have been prepared for publication (preprints

enclosed),
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